In this note we discuss the possibility of detecting the accompanying X-ray emission from sources of fast radio bursts with the eROSITA telescope onboard the Spektr-RG observatory. It is shown that during four years of the survey program about 300 bursts are expected to appear in the field of view of eROSITA. About 1% of them will be detected by ground-based radio telescopes. For a total energy release ∼ 10 46 ergs depending on the spectral parameters and absorption in the interstellar and intergalactic media, an Xray flare can be detected from distances from ∼ 1 Mpc (thermal spectrum with kT = 200 keV and strong absorption) up to ∼ 1 Gpc (power-law spectrum with photon index Γ = 2 and realistic absorption). Thus, eROSITA observations might help to provide important constraints on parameters of sources of fast radio bursts, or may even allow to identify the X-ray transient counterparts, which will help to constrain models of fast radio bursts generation.
Introduction
Fast radio bursts (FRBs) are short (∼ms) bright (peak fluxes up to ∼100 Jy) radio flashes (for a review, see [1] ). 1 The first event from this class of transients was introduced in 2007 in [2] . Since then, several dozens of such bursts have been detected [3] . 2 A large dispersion measure and other considerations suggest an extragalactic origin of this phenomenon. By now, reliable identification has been made only for a single source of repeating fast radio bursts -FRB 121102 (the notation: year-month-day) 3 . The source is located in a dwarf galaxy with active star formation at redshift z = 0.193 (corresponding photometric distance is 972 Mpc) [4] .
Nowadays, there are lots of models explaining the nature of FRB sources (see catalogue of theories in [5] ). This reflects a wide uncertainty in the description of the nature of these objects. Nonetheless, the main current models associate FRB with neutron stars.
Magnetic energy dissipation in young neutron stars is one of the most prospective hypotheses about the nature of FRBs. Particularly, FRB generation may be associated with magnetar hyperflares (see review [6] for this type of sources and forms of their activity). This model was proposed immediately after the discovery of the first FRB [7] 4 . An important prediction of this model is a simultaneous radiation pulse from FRBs in X-rays and, possibly, gamma-ray ranges (see, for example, [8] and [9] ). The luminosity of the only observed hyperflare from SGR 1806-20 was ∼ 10 47 erg s −1 , and the total energy release was ∼ 10 46 erg [10] . In this paper we discuss the possibility of registration of X-ray radiation accompanying FRBs with the eROSITA telescope, the detailed description of which is presented in [11] . Obtaining a positive result in such observations will give an opportunity to verify (or derive strict limits) the hyperflare model of FRBs.
eROSITA (extended ROentgen Survey with an Imaging Telescope Array) is the primary instrument on the forthcoming Spectrum-Roentgen-Gamma (SRG) mission. This telescope will be used to study the entire sky in the X-ray band. Over 4 years of operation eROSITA will make 8 full surveys of the sky in the energy range from a few tenths up to 10 keV.
In the soft X-ray band (∼0.5-2 keV) this instrument will be about 20 times more sensitive than the ROSAT satellite. In the hard band (2-10 keV) it will provide the first imaging survey of the whole sky at those energies.
Estimating the number of bursts
In this section we estimate the number of FRB flares that will fall in the field of view of eROSITA. To date, various estimates of the number of FRBs qualitatively converge with each other, giving a rate of about several thousand events per day in the entire sky with a flux of more than a few tenths of Jy. In the estimates below, we will use the value of N Σ = 10 4 bursts per day, which matches the analysis carried out in [12] , [13] .
Given that the field of view of eROSITA is 0.833 square degrees, it can be calculated that approximately 0.2 bursts are seen per day, which can potentially be detected by ground-based radio telescopes. On average, one burst will fall into the field of view of the telescope in 5 days, and in 4 years of survey observations the number of such events will be about 300.
It should be noted that a comparable number of bursts should have fallen within the XMM-Newton field of view in ∼ 18 years of operation. However, it is difficult to identify a short non-repeating weak burst. Due to the small number of FRBs registered in the radio band, there were no cases where XMM-Newton or another instrument would have observed the radio burst area at the time of the event. This is primarily due to the low rate of registration of radio bursts during the work of XMM-Newton. In the next few years, the number of detected bursts will increase significantly. It is therefore essential to estimate the number of future detected radio bursts that fall within the field of view of eROSITA.
Currently, both radio telescopes already operating for a long time (64-m Parkes telescope, the Arecibo antenna, Green Bank Telescope) and new instruments such as ASKAP (Australian Square Kilometre Array Pathfinder) and UTMOST (Molonglo Observatory Synthesis Telescope) are actively used to search for FRBs. In addition, the search will be conducted with the new 500-m FAST antenna in China. It is expected that in the near future HIRAX (Hydrogen Intensity Real-time Analysis eXperiment) and CHIME (Canadian Hydrogen Intensity Mapping Experiment) will be able to detect several dozen of flashes per day [14] . Optimistic estimates raise this number to one hundred bursts per day for each telescope [15] .
Therefore, a reasonable assumption is that in total ground-based radio telescopes will detect ∼1% of all bursts. If bursts occur evenly across the sky (which is a good assumption due to the extragalactic origin of FRBs and the absence of correlation with known local extragalactic structures), it can be calculated that the number of detected radio bursts falling into the field of view of eROSITA will be
where N R is the number of flashes detected by ground-based telescopes, N X is the number of flashes detected by eROSITA. Hence, it can be estimated that, for the total of all the time of survey observations on the SRG satellite, several events (∼ 3) recorded by ground-based radio telescopes (HIRAX, CHIME, ASKAP, UTMOST, etc.) will fall in the field of view of the eROSITA. 5 This makes it relevant to conduct a more detailed evaluations of the ability of eROSITA to register X-ray flares that may accompany the radio bursts.
The possibility of recording hyperflares
In this section we consider parameters of X-ray flares in order to evaluate whether the sensitivity of eROSITA is high enough for their registration.
The duration of the main peak of giant flares and hyperflares from magnetars is 0.1 − 0.2 s [16, 17] . This exceeds the nominal integration time for eROSITA, which is 50 ms. Thus, although some of the incoming photons may not be registered separately, it still can be expected that the hyperflare will lead to several counts on the detector.
We accept that for reliable signal detection, the telescope must register 10 photons from the source for the entire time of the X-ray flash.
6 Assuming 5 In addition, one can expect to have approximately one of the FRB recorded by radio telescopes within the ART-XC field of view during the time of the satellite operation. 6 If we talk about the presence of a radio trigger, i.e. if the arrival time and the coordinates of the flare are known, then the criterion of 10 photons can be significantly softened to 2-3 photons from a compact area corresponding to the angular resolution of the telescope. On the other hand, the finite integration time (50 ms) of the detector can that the telescope detected 10 photons, we construct the dependence of the energy release of the source from the distance for several spectral models.
We will examine several options representing a wide range of X-ray burst spectra that can potentially accompany FRBs (primarily those that can correspond to magnetar hyperflares). These are blackbody spectra for temperatures kT = 30 keV and kT = 200 keV and power-law spectra with photon indexes Γ = 0.5 and Γ = 2.
As long as the observations are carried out in a fairly soft part of the X-ray spectrum, the photon flux will be significantly attenuated due to interstellar absorption (in the interstellar medium of the Galaxy, in the intergalactic medium and in the interstellar medium of the source's host galaxy). At a column density of hydrogen atoms N H the flux weakens by a factor of e −σN H . To calculate σ, we use data from [18] :
where E is the photon energy and the coefficients C 0 , C 1 , C 2 were taken from the abovementioned paper. Given the evaluative nature of our work, and that we are interested only in the total energy release in a quite wide X-ray band, the non-usage of more detailed results on interstellar absorption (see, for example, [19] ) is not crucial for our purposes. Note also that in the case of FRBs, a significant part of the absorption should be unrelated to the matter inside our Galaxy, so accurate calculations of the σ parameter become even more uncertain. Also, we take into consideration the dependence of the effective area of the telescope on the wavelength (see Fig. 1 ). Several of eROSITA mirror systems will be covered by filters that cut off the soft part of the spectrum. We use data on the effective area assuming that five systems out of seven are covered by such filters. Relevant data are taken from the site https://wiki.mpe.mpg.de/eRosita.
Power-law spectrum
Models of X-ray flares with power-law spectrum in the application to FRBs have recently been considered in [20] . We suggest that the spectrum of an lead to the situation when those ∼10 photons, which arrived during the 100-200 ms flash, will "overlap" each other (the pile-up effect) in individual pixels, reducing the number of actually recorded events. Thus, our criterion of 10 arrived photons seems reasonable. object is given by the equation
where E cutof f = 500 keV is the cutoff energy of the spectrum, C is the dimensional constant determined from the normalization of the total energy release to 10 47 erg. Here and below, E is the photon energy in keV. The value of Γ is taken to be 0.5 and 2 as extreme cases. For Γ = 0.5 we get C = 1.01×10
43 erg −1/2 . At Γ = 2, the integral diverges at E → 0, so it is necessary to choose a nonzero lower limit of integration. We vary it from 10 −5 to 0.1 keV, and it turns out that C changes by no more than an order of magnitude, which does not significantly affect further estimates. The lower limit is chosen to be 0.001 keV, with C = 9.7 × 10 45 erg. This value is used in subsequent estimations. Taking into account absorption and dependence of the eROSITA effective area on the photon energy, the radiation energy arriving at the detector from the source at a distance of r (fluence multiplied by the effective area of the detector) will be:
Here we neglect the redshift effect because the distances for potentially detectable flares do not exceed 1 Gpc, which corresponds to z < 0.2. In addition, it is important to emphasize the approximate nature of our estimates (for example, due to the uncertainties with absorption on the line of sight).
The number of detected photons is
An example for a distance of 100 Mpc and a flare energy of 10 47 erg is given in Table 1 for several spectral models and column densities.
Assuming that 10 photons were registered from the flare, we can calculate the dependence of the total energy of the flare on the distance. The distance r 10 , from which 10 photons come from a flash with an energy of 10 47 erg, can be determined from the equation (5) . Next, the total energy is E total = 10 47 (r/r 10 ) 2 erg. Here we consider N H to be a fixed parameter, i.e. a change in r does not lead to a change in absorption, so the quadratic dependence is preserved. This simplification is possible due to the large uncertainty of the parameter N H . 
E, erg

Blackbody spectrum
Similar calculations are made also with the assumption that the spectrum of the X-ray burst is thermal. Observations show that the spectra of giant magnetar flares can be well described by a blackbody spectrum with a temperature from ∼30 to ∼ 200 keV (see, for example, [21] and references therein). The X-ray radiation is associated with the fireball retained by the magnetosphere with a characteristic size of a few hundred kilometers.
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In the case of such a spectrum, we have
where C p can be found from the normalization to the total energy release 10 47 erg. Number of detected photons is:
The results for all the considered spectra are shown in Figs. 2 and 3 for different values of the column density N H .
Note that flares can also be registered by the ART-XC telescope. Preliminary estimates show that for a thermal spectrum with kT = 30 keV (N H = 10 22 cm −2 ) one can expect several counts in the case of a flare with an energy of ∼ 10 46 erg from distances of the order of tens of Mpc. Nevertheless, as long as the field of view of the ART-XC is about three times smaller than that of eROSITA, the expected number of potentially detectable events decreases, correspondingly.
Discussion
Evaluation of distances to the FRBs show that if the intergalactic medium (rather than the matter in the immediate neighborhood of the source) dominates in the dispersion measure, then typical distances might be about 1 Gpc, and the minimum distances might be about 100 Mpc (see, e.g., the dispersion measure estimates in the intergalactic medium for FRBs detected by the ASKAP [22] ). This means that most X-ray flares are potentially can be recorded with eROSITA only for soft power-law spectra and a sufficiently large energy release. However, it is essential that there are alternative models in which a significant part of the FRB dispersion measure is gathered in the environment near the source (see, for example, [23] and the references given there). In this instance, the average distance will be smaller.
Note, however, that in [23] the authors consider the pulsar model, not the magnetar one. In that model, no significant X-ray emission is expected. On the other hand, in the scenario of magnetar hyperflares, the interstellar medium around the source most probably will be insufficiently dense to make a significant contribution to the dispersion measure. Thus, it is unlikely that if FRBs are relatively close ( 100 Mpc), the radio burst will be accompanied by a powerful X-ray flare.
In this paper, we did not examine the option with a soft thermal spectrum kT = 10 keV used, for example, in [20] . This is due to the fact that such a soft spectrum must be atypical for hyperflares from magnetars. For example, in the case of the SGR 1806-20 hyperflare, the spectrum can be described by a blackbody with a temperature of ∼200 keV [17] . Surely, for a softer spectrum and the same total energy release, the flux in the eROSITA band increases, and the flare will be detectable from distances 100 Mpc.
Note that calculations presented above are also applicable for estimates of the detectability of hyperflares from extragalactic magnetars unrelated to any possible connection with fast radio bursts. Certainly, in the vast majority of cases it will be difficult to identify a faint flare as an event associated with the activity of a distant magnetar. However, with good localization, allowing to identify the host galaxy, and the presence of repetitions, it will be possible uncover the nature of such event.
It should also be noted that when the review program on the SpectrumRoentgen-Gamma satellite is finished, it will be possible to perform long-term simultaneous observations with the eROSITA and ART-XC instruments and radio telescopes. This will be especially important in case of detection of sources of repeating bursts at distances less than a few hundred Mpc.
Conclusions
We examined the possibility of detecting the hyperflares accompanying the FRB emission with the eROSITA telescope. We have shown that approximately one hyperflare per year can appear within the eROSITA field of view simultaneously with the registration of the FRB by ground-based radio telescopes. At the same time, the sensitivity of the X-ray telescope turned out to be quite sufficient to detect a hyperflare with an energy of 10 46 erg from distances about tens or even hundreds of Mpc for realistic spectral parameters.
